Background: Several lines of evidence suggest that the serotonergic system may be involved in the etiology of major depressive disorder (MDD). Objective: Investigate a potential association between the functional polymorphism in the serotonin transporter-linked polymorphic region (5-HTTLPR) and MDD in a northeastern Thai population, and explore the involvement of demographic characteristics in this disorder. Methods: One hundred eighty seven patients with MDD and 207 healthy controls were recruited from the same geographical area into the study. The 5-HTTLPR genotypes were determined using polymerase chain reaction (PCR) and analyzed statically. Results: Significant demographic differences between the two groups were observed, which included age, marital status, occupation, educational background, income, and alcohol use. The allele frequencies of the 5-HTTLPR polymorphism in our studied population were relatively near those of Asian populations, especially Chinese, which was regarded as enormously distinct from those of Caucasians. Nevertheless, our present study found no significant association between this polymorphism and MDD with respect to either genotype distributions or allele frequencies. Conclusion: No involvement of the 5-HTTLPR polymorphism was suggested, but demographic features in MDD were highlighted with respect to this studied population.
Influence of demographic factors and serotonin transporter-linked polymorphic region (5-HTTLPR) variants on major depression in a northeastern Thai population
The serotonergic system, which consists of serotonin (5-HT)-producing cells, 5-HT transporters (5-HTT) and 5-HT receptors (5-HTR), may be traitdependent and associated with disturbances in the regulation of MDD [5] . Therefore, polymorphisms of the main serotonergic genes have been received considerable attention, particularly those of 5-HTT. To date, most well-characterized and extensively studied polymorphism in the 5-HTT gene is a 44-base pair (bp) insertion/deletion in the promoter region that is termed the functional 5-HTT gene-linked polymorphic region (5-HTTLPR) [6, 7] . With respect to its functional significance, the long (l) allele of 5-HTTLPR has been shown to generate higher transcriptional activity than the short (s) allele in many cells [7] [8] [9] . Consistently, lower serotonin reuptake from the synaptic cleft in s-allele carriers compared with patients homozygous for the l-allele [10] . The transcriptional efficiency addressed in this regard is physiologically critical. It affects mood tone, circadian, and neuroendocrine functions such as sleep, appetite, sexual behavior, and motor function [11] . These features are frequently disturbed in MDD.
Previous research indicates that the 5-HTTLPR polymorphism might be related with MDD. Many groups have reported positive associations [12] [13] [14] [15] [16] [17] [18] [19] , while certain groups have revealed negative results [20] [21] [22] [23] [24] [25] . Ethnic differences may be a reason for these conflicting data. In fact, the 5-HTTLPR s-allele has been experimentally proven as the minor allele for Caucasians, but as a major one for Asians [26, 27] . Of particular interest, based on studies of Asian populations, the 5-HTTLPR polymorphism is associated with MDD in Chinese [18, 19] , but not in Japanese [20, 21] and Korean [22, 25] . In the nature of population genetic characteristics, correlations between the Chinese and all regional Thai populations is higher than those between the Japanese and Thai populations [28] . Therefore, there is potential for an association between the 5-HTTLPR polymorphism and MDD in Thai population. Nevertheless, the two Chinese studies with positive associations gave contradicting results. In fact, the 5-HTTLPR s-allele was the risk allele for one study [18] , while the l-allele was the risk one for the other [19] .
The genetic association between this particular functional polymorphisms and MDD has never been analyzed in any part of Thai populations. In this study, we made a case-control study design to investigate the possible association in a northeastern Thai population. In addition, we studied demographic characteristics of cases and controls since these potential contributing factors have not been examined in this population yet.
Materials and methods

Subjects
Participants recruited for this study were 187 unrelated patients with MDD (aged 44.9±12.9 years) and 207 unrelated healthy controls (aged 41.3-9.8 years). In our recruiting process, we intended to have both groups matched for gender. The MDD subjects were diagnosed according to DSM-IV criteria [29] by experienced psychiatrists. The two groups permanently resided in the same geographic region.
This study was approved by the Ethics Local Committee of Medical Experiments on Human Subjects. The written informed consent was given by all participants.
DNA extraction
Genomic DNA samples were isolated from whole blood using FlexiGene DNA kit (Qiagen GmbH, Hilden, Germany).
Determination of the 5-HTTLPR polymorphism
Genotyping of the 5-HTTLPR polymorphism was performed by polymerase chain reaction (PCR), using Taq PCRx DNA polymerase (Invitrogen, Carlsbad, USA) and previously reported primer sequences specific to the 5-HTTLPR (forward primer: 5'-GGCGTTGCCGCTCTGAATTGC-3' and reverse primer: 5'-GAGGGACTGAGCTGGACAACCAC-3') [7] . Briefly, PCR amplification was carried out in a final volume of 25 μL consisting of genomic DNA as a template, 0.2 mM each deoxyribonucleotide, 0.2 μM of forward and reverse primers, 2X PCRx enhancer solution, 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 1.5 mM MgSO 4 and 1.25 U of Taq DNA polymerase. After denaturing for two minutes at 95°C, the desired DNA fragment was amplified for 35 cycles of 95°C for 30 seconds, 60°C for 30 seconds, and 68°C for one minute with the final extension at 68°C for 10 minutes. PCR products along with 100 bp DNA ladder (New England Biolabs, Beverly, USA) were electrophored on 3.5% agarose gel and visualized by ethidium bromide staining. Amplification of the 5-HTTLPR resulted in five alleles differing by 44 bp (14, 16, 18, 20 , and 22 copies of a repetitive sequence comprising a GC-rich 20-23 bp repeat element) as previously reported [22] . Randomly-selected DNA samples were subjected to direct sequencing to validate the genotypes. The first two allelic types were predominant, thus designating them as s and l for 14 and 16 copies, respectively. Since the last three allelic types known as extra long (xl) alleles were rarely found, they were included in l allele for statistical analysis.
Statistical analysis
For their demographic features, they were compared by Chi-square (χ 2 ) tests using GraphPad Prism 5 software. Hardy-Weinberg equilibrium (HWE) for the distributions of genotypes was estimated by the χ 2 tests. Allele and genotype frequencies were compared between groups using the χ 2 tests with Yates correction. Odds ratios (OR) with 95% confidence interval (CI) were calculated using EpiCalc 2000 version 1.02 (http:// www.brixtonhealth.com/epicalc.html). A p-value of <0.05 was considered significant.
Results
Demographic characteristics of the studied population
Characteristics of major depressive and healthy control subjects were compared with regard to various demographic factors as shown in Table 1 . Significant differences between the two groups were observed with regard to age (p = 0.003), marital status (p = 0.047), occupation (p <0.0001), educational background (p <0.0001), income (p <0.0001), and alcohol use (p = 0.021), thus highlighting the impact of these demographic factors in the involvement of MDD in our studied population. 
Discussion
In the present investigation, the impacts of demographic features on MDD were emphasized because MDD is linked with socioeconomic status of the patients (or their quality of life). In our view-points, demographics could answer the causes and outcomes of MDD clearly. The present result indicates the importance of demographic factors in MDD. This was in agreement with previous reports by different research groups worldwide [30] [31] [32] . It is to be noted that these demographic factors have been proven to have varying degrees of contributions in this regard.
In the present study, there was no difference in gender between the two groups. This is owing to our designed gender-matching. If we randomly collected the participants, the ratio of female to male patients would be high. In fact, mood disorders such as MDD have been reported to be more common in women [33] .
Difference in age between the two groups was obvious, because proportions of 30's and 40's years old increased in the control group, while proportions of 50's and 60's were somewhat elevated. This highlights the role of aging in MDD. In fact, the observed difference in age between the two groups may affect the outcome of an association test. For instance, certain healthy controls may become ill because of MDD in the future. Although proportions of 50's and 60's were elevated in the patient group, we did not know the number of patients with MDD with younger age of onset.
As far as the marital status was concerned, the patient group with unhealthy families (divorced, separated or widowed) was approximately three-fold higher than those of the control group.
For their occupation, most of the participants (about 50%) were agricultural professionals. However, participants with agricultural careers were almost twofold higher in the patients compared to the controls. Others reported in this category were the nonresponders and unemployed people. Regarding their educational background, the majority of subjects (about 60%) graduated from the primary school. Nevertheless, the control group graduated with higher levels than those in the patient group.
In analyzing their income, the majority of patients (about 73%) gained less than 5,000 Baht a month, whereas the majority of controls (almost 60%) received at least 5,000 Baht a month. Therefore, these three factors (occupation, education, and income) seemed to be considerably involved in MDD.
With respect to unhealthy coping skills, we examined if consumption of either tobacco or alcohol was involved in MDD in this studied population. Alcohol use was about 1.5-fold higher in the patient group compared to the control group, thereby signifying the connection between alcohol and MDD. There was no difference in smoking consumption between the two groups, where smokers were approximately 14% and 19% in the control group and the patient group, respectively. These numbers were indeed comparable to the smoking prevalence rate in Thailand, which has gradually decreased over the past ten years to roughly 15% in 2006 [34] . This finding was not surprising because the association between smoking and MDD was very small to undetectable worldwide [35] [36] [37] . Possibly, this may be due to the tobacco control policy globally.
Notably, global variations in the allelic frequencies of the 5-HTTLPR polymorphism have been recognized among European, European American, African American, Japanese, native-Americans, Chinese, and African populations [26, 27] . Distinct results will be revealed by association studies in distinct ethnic populations. Our current study aimed at investigating a potential association between 5-HTTLPR polymorphism and MDD. Regarding the allele frequencies of this polymorphism, the 5-HTTLPR l allele was established as the minor allele frequency of roughly 30%, which was close to that of Asian populations, especially Chinese, thereby being in agreement with the preceding findings [26, 27] . We found no association between this polymorphism and MDD. According to a recent meta-analysis comprising 22 articles [27] , the SS genotype was significantly associated with an increased risk of MDD among Caucasian populations, but no significant association was found among the Asians. This supports our current finding.
Many studies reported discrepancy in their association results. This would be caused by not only ethnic difference, but also other factors such as limited sample sizes, ethnic heterogeneity, and environmental factors. In our investigation, the samples were recruited from single, homogeneous populations. Both patients and controls were of the northeastern Thai group and recruited from the same geographical area. Our study did not positively detect any association between 5-HTTLPR polymorphism and MDD. This did not rule out the possibility of either gene-by-gene or gene-by-environment interactions. This is because this particular polymorphism plays a role in modifying the risk of MDD when interacting with other factors [18, 19, 25, 26, 38] . Nevertheless, if determination of interaction effects is of particular interest for further investigations, enlarged sample size is needed for this regard. It should be noted that genetic association studies are required to be carried out with highest precautions since errors can be possible as previously addressed by this laboratory [39, 40] .
In conclusion, many demographic factors including age, marital status, occupation, educational background, income, and alcohol consumption were associated with MDD in this studied population, whereas the effect of 5-HTTLPR polymorphism was not found. 
